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1*4avioral aui L-EG Changcs inCats Induccd bv Prolongc

Stimulation of Arnygdalai

SCISCO ALONSO-DEFLORIDA2 A14D JOSt M. R. DELGADO

J iix')IoeV YJ P''~ Jtiavt L. oc"lv'c:. ~,2 ,. \.

A HlTs kA(CT

I : )-DEidLokiDA, FKANJ t ANC .1)Js.5.Itl)cAn. 11it c

- Jo)al wd EFRG clkinges in t as indluced by pr~mtgcd sti,,:,gaion of av

- Am. 1. Physiot. 193(l): 2.2,3-22(). 1958.-I ocial behavior of a colon'y

of eight cats was recorded by time-lapse !)hotography. A picture was taken r
every 9~ seconds for to hours daily. Direct observations were also made. Films
were- analyzed, noting the time spent by each animal in selected patterns of
behavior. P'ermanent cerebral electrodes were Implanted in 15 cats and dif-
ferent areas stimulated for half a second every 5 seconds for , hour daily
for 1-15~ days. This type of prolonged stimulation of amygdala increased
playful and contactual activities, modified aggressive and sextial behavior
and prodluced other somatic, autonomic and behavioral effects. Local electri-
cal activity was also inIfuenced and seizure-like patterns were persistently * '

recorded. Both behavioral and EEG phenomena were reversible (with 2 eX-
ceptions) and reproducible. Similar prolonged stirruiation of other cerebral
structures (internal capsule, falx cerebri and anterior hypothalamus) did not
pioduce significant results.

T k Rl~f of am gdaloid nuclei in behav- lasting behavioral and or elect roen.Cephalo-

ir, jlarticularly in emo-tional and sex- graphic changes might be obtained by pro-
i al manifestations, has been repeatedly longed stimulation of the amvsgdaloid conlllex.

estcrib Ad in the literature 0i-0). Some au- C'orrelation between behavior and EFX. wa,-

0~ors ( .7, j8) have used implanted electrodes also analyzed. The amygriala was selectvJ
i,.~ otin ull.at the aimvgda!; ihi nanetb eti*zed~ becaus: -, is c(n-curj-ed, *L11, the itegraion ii

anmmal . The: evoked effects included somatic patterns of emotional behavior and because of

anda tonotnic responses, oral activities, Vo- its possible role in epiicpiic manifestations. Thei
.;,izat on and well nr~anizetl patterns of offen- use of a colony of animals permitted study of

sive ;nd dlefensive behavior which were social relations. For this purpose, in addition
.Lerv :d during or immediately after electrical to conventional met hls, a technique was de-

st .aul tion of the brain applied for a few veloped for tirae-lapse photographic record; ngs,
_'A "C01lt S. Lu.ating increase o food intake in- ulterior quantifications and statistical analysis

ducedl ly electrical stimulation of the lateral of selected categories of behavior.
bv )ot talamus for ihour daily has been re-
"-Jrte( by one of us (it). In the present study EHD

"ill ati !mpt was made ito learn whether or no't Stimukan. 'Multilead needle eetrlE#'.
Re,,~eiifor uN tionjU~ , ~were permanently imp'anted Withuin the brain

Su Iported by grant fromn 11e Foundations' Fund of iS mate cats. The electrodes were designed,
jarR~tnc i Pchiatry and the office of Nalpacd and the positin oeAc lea deer-

Re.a h, SAR \,wi (nroo"l mained according to the let hnique described by
Jo itly supported In. fellowships from tht t-('% IDelgado (20, 21). Biwl!rstimulation wts ap-

-Pr.gra iPublic Health *'er~ icr ani th~e Smith, Klipe pod-
Fretch Wimtri",Prt-nt ddres: Duiranimo plied with square bidir inal waves sof o,.

4e 1 i ologiat. E.CUeVk* \s-i-.naW d Mediia. MXbico mscC. poUlse duraticn, too c-ps, .tenitv from
1,-.leio0,2 to 4.0 ma for o.5 sectindi evr 5 rec~n.
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22$ I KN vF('i 11) %5 ~t&jIt AND N1s ki I 1,LND

Inrr~ hwir d;IIx 2 *r IV P, dy .'It I I,,%i h;aIve n Io I o t IiOn, ;1t ;1;. howvter. %%it h If ta
o'% nv i% !)hrkolht wtere ci tel for It :In - a(ct ivit v. ( 'at e-'r- xurc uii~v ltVesiixik

ol~t io. litrist Vai~ ~i wtett below I hi- 1-tIle III Itfe films, lotl botrderline Itatterlis %Nr
tiii. evowke - iigt niotor ettect - sonictirne, ulilhcult toj alri1t and moire fre-

EEG Recordings woere obtined w%%it I ;L ( ;rass f Ittt piq tures or ailditiortal rc otts ryal tins
Ce' t rt e-nvcp tialt graI~ fd n) In ie U flattSt Ile- f might Ilte ncsa Tv.

iied nrestrained animna>, which %%ere kisuafly Dire. obi_-rvattolrts andi S 1;'laxs of rt-
r mi at,!. onlY o ii ;I -ilal In, lvement artef:1t1 crdng wcre made for vat 1) E( before,

:n i cet I oh t I lie ret ttrd lngs. ilurinv. and in some anitriais. after Stimul~latioti.

Records of Behnvior. The ats were grouped Some caits were recored daily and other-,
;in glas-s-fronft, 7t t 1' - x .3x 3 12 f et, every other day, with El-Gs miatl on alte-r-

males anil trnalvs in rnttios tf 5:3, 3- 1 or ,: i; niate ilax's. JF,(o wa-s re'moved frim ile (age
-4omctiiw two sinail , roupis were stodiod for iht.ur for control or stimulat ion dutring
siniltaneously hy using a partition in the each io-lhour record. TIhis period was chose-n

aIge. Each group hadl one implanted elect rode at. random for some anlinaIS andI at a tixetI hoUr
at II ..- N t ime-lapse camnera took one for others, during the first 4 hours of the To-

plottre every o setconds for to hours each day hour recotrding. The timing antd arrangenent
ttASnItllY front S:,i0 ..Nt. to 6: 30 i'~.Tern- of colonies varied for different. IIAs hut d(in-

plr;it re was kept. at about 2o'C; illumination (lit ions were always is similar as posible
waIs furnished by 24 ffluorescent lights (20 W, (luring control and stimulation for each orn.
white) wit Ii a light meier reading of r3. Thle Location of Electrodes. Atter the st uty of
rot in' was ;otundl prootf. D iet was thle 'synthietic' each IEC was completed tile animal was killed

t%) f K rehl1 0i 11. (22) slight1x' Modified.' under anesthesia and( pterfused withi formallia
11 Oms were analyzed accjrdlit toi f~- . .~ twr marte
pat terns of l ch Corsle,:ted after preliminary and stained by, the K luever miet' hod (23). '1llie
-i twlx i) walking or st anding onl all fours, needie t racts were microscopicadv exam-ied.

2) Aggresslvene-ss, evidenced ') traeing, taid sink t. there xx a in.ii- i.ev
;iariig, flat teniing the ears, piloerection, tight - otf Ow posit ion , f e:it Ii til'i I . Xil ZttIk

iog position and striking. A ggressi venles" 111141 trat. pitsit on of each ;Kwlot~l alo~iulx etd
ulstially defetnsixve, muscle tonus see med ill- by, colmparis~or vii' Iilthe prt-strxu, ai rr,iv il

cased, the forelegs were semitlexetl antl the elct ides. Thle anatomii .1 .- !rut urt~- I lx kcl
at watched its opponent intently. V Playful mt lutied t

tl l trt iial intd. ;ii a

activity, shown by gentle paw,.ing of objects part ,tf th-. ;iixtxgiala. ::iitfior xptlltm.
or liv a jtrreteA it) ight. Also includcd 'in ttIS inernal capsule. aninor h1 ii.m t nd oi

cat gorv~as quie caracteri-.tic paittern fai~ C n ri.
that appeared carly in the time-lapse tilMS:
lie animal lay on one flank with fore and hind- H F, IUf-P

legs extended, the Itody relaxed and generailly Observations During the 1-Hour Stimula-
mottiotnless, but it geitlix 1)awt-d 6(3 time.' inl ti n Period. Sev'eral -,rntomttr tonl auto-
7 mtit . anyV ohIect or aI passing cat. j) Coll- iwtni rL-slpttnnt- were fttund as. thle result oif

tif in uaj Ikjat\ Shly it oting, iicking. ptrttlonged intermittent stimu-klation tif Ilie
liL/u/- lig and rubbIinog. 'FThis Ipatteinc r ma te! amyig(lal oh I nucleus. 'lie. mt," ts ctnlnit n Wa a
regartledj as seXu~al at t ixit\ it wa;s not itud1 y ps iteral inx'tlvemnit of ftai tal uscles syn-
1ter~orniet i bectween member, of lie t ilterent chronots with the sitimUlati~tll burst ,: ,itising

t s as)stuitpla or ctourtshiip but was the eye, lowerinz the ear, retrtin littt) of mo'uth
ti~ e I reeotaswell iet weeti nadts, although and rhvt inlic movements tii upper lip antI

it was txdttm se-en bet ween anestrus females. nostrils as insniffing. L~icking file thopsw a
Sotte of thle pKItterts could not be differtentiated more integrated ptat tern ofter. ttbswrvet atnd

fromn PUrk'ix' linx'eSt 1igaOrV act Ixvt wh iht highly integrated ten ak wcinll
Wi'a c ii t n i i Iir.J.J. lat..ia fontinic developed, such as smelling thle !thk,r andi wails

WC J7 ii I~ch'tttI.'t 1)1 ' t ar-ia'rjn iit fil of thle observation box, wxhi-h iaere .L"), ia ted
ti.,jsr. r sssttw itthi,- w.~ it b tkexini and ,ot r wq rt't- rn'-x ~ w
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jluilv at titudle to vrrva tive pla% .fulnes. 1).t%%- ;r ' 'trloo\ ,t 0 l~~

ing anly objet t vdilale. A .

krill "~I"i-1 etfeki t onsistedl ini pupiil "lilt .
'(10l a'. t' [Iii 'jrec i i n: 5s mialtorrn r effeit is, int) ii~ ': mLU'

peneral, ( let reased in inttisi t during lie hour
st imulatnin. .\fterdiz;Chrg.-s Itt fli (s it o4- -

peared as rhythmiic blinking. openi ng and . - ,'

liosing ht mi ou thI wit i ret rac-,ton (if :he . <,'

coi ri'rs, pMr plSior of I hV tongue. IWIPnt ifull - ~* ~ '

S..ilivaiolt, dlilatt iont of 'ilsand kessalt onl of 0, 0
miotor it(tivity. Sometimes, however, the ani- .\i,,,l'i# (r 'Orio Ila,',
nial movedl around or cotnjilsivelvtried !o
esciape. Usually afterdischa rges stopped spl~n- 5 - I~ I 1 2

taneoiwiv reg~ardlless Of aICCOrJnintg niter- J 31 . 2 1

M. -it bursts. They generally lasted from 3 .-

-;econds ito motre than a minute. hut sometimes 1' 1 7. " C. C I 1',
lasted up1 to to minutes. at which point the f7 I. c C.I
simuilator was turned off unt il tie epileptic ?2 1Q 2 0.0 2.S 13 4

risis disappteared. Afterdischarges began at *In -cre nents and I dct-.irvtils were ohtlainet hv
unpredlict able timtes and were observedl re- mtbratcting the rnean or the onitroil iteriot frnm 11 .v

,,,rdlIess o f llie fact t hat in all, animnals in- corrt-sponding mecan ;if the St imulat ion 1wriot, Sit
ensitv of urren was ~elow convusive nificance was catcultteil hy ranking poeoe 4

thrshod.25 and. 11 < 0.05 i5 iniited in itativcs

Qualitative Observations During Stimula- TJ ."I ?'.. ial, '..1m rch l. ii ;!, .

tion Days. Intcrmittent elect rical stinulat ion oitaiams; t Aw an LI-

of anlygdala for ihour Iriri(u(Pel in general
an increase of time spewm itt some actlilie CS timlultion wa, sI 01 1wd. I 1 .Iosi I. .mir

and det erminedl the appearance oft aiterdlii- dlscharee- wpr-- A;.-.-vc ,i Hcr.msd I r
charges and autoniatisins. Some stimuled the day (or for several 'la\- ;f-r the rni
cats iter-,lstenttV triedl to cover feces excreted tion pecriod. he eIre ev1 5 l

by other cats, which was never ob~served itt hours, alter 51 imu larion, \t crv 5l1ojir ML (11ira -

nonistimulatetl animals. Some less tract able lion and %%were discretc: slight bli nkintg. di.1 I a

animals becamne gentler after amvgdatla acti- tioln o' pupils and itliiiui, 4 ii(,i rils ttil

vation. except for (rssof complulsive be- uppe r lip wit i 110I alivat ion. I l, la I,!V

hayto:.; in surjh unimials rough handling or tc ,uatonic stant- csutrred. last ing! o oig .

administration of noxious stimuli usually 3 eIds he h inmdwa e iro

failed to elicit rthe previmously nls~erved nI lger lte colony with afterdiscliarges still prcm-w,
react ions. it wi!. e-xamined aindh sniffed ! hors n'1hv y

Several times nmale ca'.s were obserVed the other cats. The Stiml,.eMd cat jSuall\ il
crouching like estrus females but raising of no, respond in any wayV but remaindU~ St :iiol-
the pelvis, turning die tail to one sidle and[ ing or seated., moving its hecad slowl ' fromt on'.
treading were tt, so konsplicious as in the side to thle othter, obviousiv tisoriente, I' ', a -
feniale. ( ccasionalhv the elect ricallv si imu- sionally animals inl this statle walked ba, k antil

tzdmales were clampoed by (othter males a-nd fordh through thle tlony, sometimes prtwok-

wo 41nimals were r~.cpi. -;iunted. al- ing rage among Jie oilier cats and beilo!,

though homosexual mountu- iing was most u 'truck at without responding. At olier times
common among normal cats in our exlwr- the st imulated caIt wo l ttack wn ihbutl gotoo

men s.orientation. Outsi(le the colony !he atiinml inl
Mlotor aftertdiscbarges, like those of the this state showed comiiiulive behavior; an

stimulatioin period., were frequently seen apparently andl otherwise poeaceful cat mit
imme.Iiatcly and or several minutes after jump off the obs;ervation table (or nI uggle
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BEHFAVIORAL. AND !_FEG CHiANGFS 22

shv- re16er'olile effecl . fo r playfutl activit.
thus :,flowing for at second trial which, how-
ever, olicted the fatal epileptic crisis de-
scribed. No oiher cats %%ere studied in cornec-
tion with reversibility of quantified behavioral

k tiarigts.

Electroericephalographic Activity. Spontane- .

otis elek-trical activity in unanestheuized ani-
nials shows patterns which can be repeated
with similar characteristics on different days 7

k n c xamplc is given in fi-gure i.1I, where

acli %- ty(fpyriform cortex, basolateral alnyg-
dalaiohts pallidius and put amen was re-

corded in both sides of the brain. Regular
ati--t x amplitude --bout 5o uiv

mnixed wi' 'nwu frequencies was often
observe~l in amivgdalai. 4-r- ,

lntt-rmittcnt elec trical stimulittimo n n)-g- .-

ddai for one hour L5_ tlestribed III METH0ODS LTj L
c-iked laitIing, hae in *1 thc elect ni,,l atct iV -.- - ,.-.-

SIt% o f the brain. A fe,v- minutes after the I- --. ' --..

hour ,tt-riod of bipli stimulation the act iciy 33

appewire(I rat her disorganized in, both sides, WEIL ,

wihslow swings of freq1uency aLbout I 2 sec'. 3-51 100

andl amplitude Of 300 Mv, more prominent in .

the Stimiulated sidet ftig. ilb). A typ)ical feature
%% as the appeararice in the stimulated poinlts LTKL
Of repeated hoUists Of about 25 cps above too

M"v, each lasting for 200- 2 50 MSet. TLhis effect -

1lsed at few !,ours in some animals andl up to

3 days in others. One dlay after stimulation r~ - .

isolatedl but frequent (e.g., 4-10/sec.) spikes
or spikes amnd waves alternated with repetitive -- -- "' -

spikng 2 5,'se.) nd wd-,shot bustsof LT.N -- - -
high voltage spiky activity, as shown in figure -~- ~
inc. Sometimes a burst of spikes lasting several -
spiin C2 33se~ anCihsotbrt f -- ~ .---.-.-

se-conds .,.s evoked by auditory stimulation c.~-
such as clapping hands. Contralateral to the xxI. -. 4*r -.- *.,..

stimulation electrical activity wats depressed:i ~ igure i( the cat didia

andt prpagaiofspibesdaaeyosrvd -~.---~.-.-- no automatisms were LT ilL,

Hwvratohrtimes motor afterdischarges 0wrobevdInseveral cats, such as cat 28, C3 JJ j.

it it pssiletorecord the cerebral electrical Ft; j.Daga slhoPs thtn iincatio, of ot oth neednle
actiitydurig mtor(face) and autonomic tracts in cat ;3. Ile- leads were in pyrifirol rorin-,

(salvaton, upilar diltaton)afterdis- arnygdala. globL5 paltidu% andn putamen. .1 Sp~ntan--

is i ti~re2, ppled.B. Electrical actiOiiv a irw niinuio, aftr ihr.
whreth dscibdeffects appeared at the intermittent stimuiatiori C (l ay after stimtulation
arrwwhn wllorganized spike and w~ave pAttcens were pai-wcvsmal, appearing monre or les regu-

activity was reiorded in all leads. In other larly. D. Three Jays altcr stim~ultion the paltern
animls atorntis wee cocomiant ith a ppeared n~or-mal. Later, niot shown itn figure. another
animls atomusmswereconomitnt ith hur stimnulation ;%as administered and imilar chanxr';

high voltage (about imy) spikes and waves in EEG; %ert be v
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-I 28 ',J I

F[I.. 2. t)vpw If* %pike amridt wave activii - in cal2,t during the wlrd iay rot stimulation. At the~ arrno
111,1'ir ' i i r.n' m i i nfc-ta t in% appeared. The high frv iuency ti hros K 1 .efir the irow -a ieare,, at variable

t inve' a it I I It twitwl a r I i It I IIit ninitife~taione wr automat isn,

which were r-tpeatedl1hiiut 'ifle everv' 2 seci- cranial nerves which would cause ipsilaterai
onds, .\t variable timecs, usually 4- ays aftcer e.ffects, as does the fact that sfime of the motor I
st imulation. afterdlischarges disappeared. ais afterdlistllarges, present after cessation of
shown in tigure iD. However, electrical tic- stimulation, Vvere ipsilateral.
tivity could have some differences as corn- It should be emphasized that motor after-
paredl with the control period, ats is shown in discharges result from prolonged stimulation
this figure by the slowving down in linkages using intensities below seizure threshold. This
I A'N 1) 1, I 2. indicates a long temporal summation at the

Pathology. Mhkroscopic study of the brain initiation of the localized mot-or seizures be-
revealed a destruction along th needle tract cause the half second of stimulation was
without neural elements but with polymor- spaced every 4A1 seconds, as explained in
phonwcear cells, capillary proliferation and NtET1TODS. The afterdischarges usually stopped
collagen tissue. Around the tract. there was a in spite of the persistence of the intermittent
rat her (lclirnited capsule with abundant tibro- stimulation, which indicates a limititg factor
blasts, (ollagen tissue and some neuroglia and in the temporal soimmation and the independ.
iirogi~i celis. 'IThe si;re of the tract varied. ence of the mechtnism i-esponsible for the

Ohe usuial diameter being about imm. Beyond termination of the afterdischarges.
it(. capsule neuroins appearedl well presrved As shown by direct observation, prolonged

in general. H istological st uci of the points stimilation of the amygdaloid nucleus could
"k iiialivstimulated increase ordecrease the agrssv beavior o

dild not reVcal MIN. special characteristics, nor the same cat; it would seem, therefore, that
old ;ZInv differen( c 1e observed between positive and negative itluences upon aggresz-

stimulated and rn~stimulated sides of the siveness exist in different points of the amyg-
1 rain, Net-dle t rat i;of two animals which, as daloid complex, a px)ssibility that would
:result of tlidaulticw hail (ont irued scizttre explain some of the contradlictory results in

v.were hisi ologicallv simil' r to the rest the literature (2, 0) and needs further experi-
if gr' nip. IIn effect, In nOJ. e.XjRriments Iwi- mental confirmation.

fiageil (-(- ri~a (i~ iui~ a f simie points uif Rccorldhng of behavior by time-lapse pho-
hec Ibraint id nf~t prilhite iit~stvablv hist o- iographv and its quantification by counting

al (liue te nlumber of pictures in which a p~articular
alegorv of behavior is present offers the ad-

i~'~ t~S ''Iatage of objectiviito esls the possibility
hii tirumen a:! h prcvim'~in Me,iv a t ifs of statistical I reatment of figures and allows

I is, 2 i a varit tf so:.eti( , autonimic -a udi~v of v:crioui. IVIOS.; ,f 1-1.Virlr Simt'ane-
ii I1;k% ;"r;i! cfff,! acre evoked in our 'insli. in several animals. One limitation of the

uli~ f c r a~ acit ono t ll amg eh_ i htsm ategorie- are ditlicult to
if ~~J~ ch idI f h g ethis t~h. layifa

iII"In 1),c 'itrit Iic; oft th Is regirmon - dnil i kt: ic , ly -r example, may
itItin ctTc, Ni wire: usuc;ihv iontralate rid. lw infiuseol %%:th fighting and more frequent

'Ai Ti 1 iwer iriin tiilrv the effeits %%,.re more pa atres. ir arlditiona'I virc t Observat ions
.0t! It" !1-djinti. InI ;ie it, 1iints int'. H s0' ,melimes are negessary. Vhe time spent in

tO ekiLXfild a;%;- ileperds! uixon the aim of the investi-

,vkw!'pcnolaterii ixcn'cnts lirv3 tr.An S_!;ri1.r film may I,( siA inned in aI few,
1: I t ii i 'If mTlirei !ipvriir St ruc' nines. my;Ttnute to lICtra1 -he relaz ionship. bet 11% V
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\ I'.11, ANDi EftA; ClIANtIf

laiur- to as.semrblv dietailedl lat tion shaior. not possilke to erthli-th nity corerijti .ita

A ( ritoiai stud%- (of the metho I wiI be made tsiveen the degree of the effect-; and extent ''f
[elsew here (27t, in the ptsent papcr we pre. the Hiitological reav nion, d', there were no hs

senlt it-, application to the sturly of the effe,-t,. t(, ogical (Iiffereflceq btten stimulated and
of amygdla' stimulation upon group behavior, rinnsmulated~ Ep)ints, ror betwe in stimulated
Increase ini playful behavior w~as ,tatiiticilly and nonstimtulatedt cats vvhih died in qpileptic
Sigtiificant (luring the days~ of brain stimula- ,tt Z.Wether or nott injury cooperated ii!
tion; it was revers.ibic and could be duplicated. lie development of the effects cannot be tle-
It Should be remenmhered that phiotographi- cifled without furthcr iivesligatiori.

*recordlings w~ere always ma-de of hv ,hole
tolonv and the IEC was removed from the .,.i,,ipini .,eat

'roor for Orain stimulation, so that we were pt-.i ~41
*not recording the direct results of cerebral Z BAPD, P. A~N! V. H, .M1It%;TPA~rir Fst. Pith! A4

stimulation but only the effects which out- Asr'. &. Me~ll. Dis. 2,: 26)2, 111,49,

lasted the stimulation period. Play is .~ sip- 3. BRADY, J. lR., L, SOIiR1ICN'RI. L~t E;Li A-N" A
KLINi. J. COMtP. & Phvti'-~1. h(W1 4; 1 7(9.posedlly highly integrated type of behavior; its 1954-

pattern, as shlown by the 'study of films and 4. I)Et-i.. 1', J. plivpiil., lThi.s 44: 4-,1,~Z

in supplementary direct observation of thle 5. FULTON, J, .I' Ii011111 !,'b-(I'lmV izraf Afrlo Il4f
colony, did not appear to he modified 1w h~rir Nm' York: Notion, toj; r

ymgdala stimulation, but the tim,- spent in - XSALT If., R. NAIJI*IT %m,. A. Rloa*it Rrt-.
this activity was increased. Modification of " .1sr(l. 87: 224. 19i2.

other types of behavior was less clear, but S. FAA.OA, It. R. Act'i phtvsi. s ?tdtinIM. 24 oslipl.

contactual activity also seemed to be increased 83", 285 PP-., 195t.
(). KLII'VFR. If. AND) 1. C. t'.CV. AM i. J, Phavirtiby stiniulation of the amygdala. fTO: 352, WKM.

In our experitnentM quaitative and iquantti- ~.F~rv:,It. .%.\-D . (C Ii-c V. J'iPY -4.
tative mtxifications of behavior showed corre- It8
lation with local disturbance-, of electrical it. KLVF.VFR, 11. AND IP. C. Tki . Arc~h W'd&
activity of the amygdaloid region. Behavioral p.vha. 29, 'J Aaa)oet i 2) lu

and vitroencephab;uraphic changets lasted 12. MACLEAN,1. )J.;0Jrir91 t;.
-1. 3P VA'.z, J. W.. Atrch. Nrural. & 725,M:

for hours or days ifte : the stimulation perio-d: -1037-

iti1 -!- two extceptions noted, both were re- 1,;. PRIBRAM, K. if. A\0 L. Kputc.M AnP. 3,-alad

versilble and couil be du'tpicated. Compulsive told. .Sc. ;A: 709., 1(64.1

behavior developed ocrasionally and in general i.. i A"RIEL .AN[ JVa~hua

the MncsifiCation of la-lavior w:!- clv rqanti- 1-1'~i,. .. 1t, R \t iLO ,R ANDi M. J_ OPPYN~

tal i ye. , sacial ac tivitIies a peairing' 11F.:N.I} . 1 r-*pivsi-.! i. o
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